Objective: Both frailty and falls occur at earlier-than-expected ages among HIVinfected individuals, but the contribution of frailty-to-fall risk in this population is not well understood. We examined this association among participants enrolled in AIDS Clinical Trials Group (ACTG) A5322.
Introduction
Falls are a significant risk factor for health-related complications and mortality in older adults, and are associated with a substantial healthcare burden and cost [1] . The likelihood of injuries resulting from falls increases with age; these injuries can exacerbate already existing problems of physical inactivity and weakness [2] . The prevalence of both frailty and falls increase with age, and the association between these two common ageassociated morbidities has been extensively documented in community-dwelling and institutionalized populations [3, 4] . Among middle-aged and older HIV-infected individuals, including those with well suppressed infection, frailty, and impairments in physical function are common [5] [6] [7] [8] , and one study found that the prevalence of falls among middle-aged HIV-infected adults with a mean age of 52 years paralleled that of HIV-uninfected adults 65 years or older [9] . Whereas the number of older HIV-infected adults in the United States continues to rise because of enhanced survival and life expectancy, research into risk factors for falls in HIV-infected individuals remains limited [10] [11] [12] . Only one study to date has considered the association between frailty and falls; frailty was found to be strongly associated with recurrent (two or more) falls in the prior 12 months in a cross-sectional analysis of 359 HIV-infected men and women 45 to 65 years of age, with exhaustion being the frailty component with the strongest association [9] .
The AIDS Clinical Trials Group (ACTG) A5322 study is a prospective observational study of 1035 HIV-infected adults 40 years of age and older. In this analysis, our specific aims were to determine the proportion of A5322 participants who experienced falls over a 12-month period, overall and by frailty status; to summarize the number and proportion of falls resulting in medical treatment or a bone fracture; to examine the association between frailty status and incidence of single and recurrent falls; and to assess several factors (sex, age, comorbidities, peripheral neuropathy, and neurocognitive impairment) as potential effect modifiers of the association between frailty and any falls.
Methods Participants
The ACTG A5322 study examines long-term health outcomes of older HIV-infected men and women. All participants received their initial antiretroviral therapy (ART) regimen through an ACTG clinical trial and were previously followed long-term after their trial participation in another ACTG observational study -A5001 [13] . A5322 participants were enrolled at one of 32 clinical research sites in the United States, including Puerto Rico, between November 2013 and July 2014. Ongoing visits every 6 months include medical chart abstraction, targeted physical examinations, fasting laboratory tests, repository biological specimen collection, interviews and self-administered questionnaires for collection of behavioral information, and evaluations of frailty, neurocognitive function, and instrumental activities of daily living. All participants signed a written informed consent before enrollment, and A5322 study has been approved by local institutional review boards at each site.
The current analysis is a prospective evaluation of the association between baseline (A5322 entry) frailty and self-reported falls occurring over the subsequent two study visits (6 and 12 months). All A5322 participants who underwent a complete frailty evaluation at baseline and had information available regarding falls over one or both of the two subsequent study visits were included in this analysis.
Outcome
Falls are assessed at every visit, beginning with the 6-month visit, using self-reported responses obtained through interview-administered questionnaires. During the interview, participants are instructed that a fall is defined as an unexpected event in which an individual loses balance and lands on the floor, ground, or a lower level, or hits an object. Events resulting from a major medical event such as a stroke or an overwhelming external hazard such as being pushed are not considered falls. Participants are asked about occurrence of falls (1, 2, 3-5, >5) in the past 6 months. For participants who report a fall, the need for medical attention and the occurrence of bone fracture are also reported. In this analysis, the number of falls was calculated across both time points for participants who completed both the 6 and 12-month falls interview. For persons who completed only one interview, the total number of falls reported at that visit was included. Participants with missing information regarding falls at either 6 or 12 months were assumed to not have had any falls during the relevant time period.
Exposure
In A5322, frailty is assessed using a modified version of the Fried's frailty assessment [14] , as previously described [15] , which consists of five components: grip strength (the average of three grip assessments using a dynamometer), gait speed (4-m timed walk), and self-reported unintentional weight loss (!10 lbs over the prior year), exhaustion, and limitations in vigorous physical activities. In this analysis, the baseline frailty assessment was used. Participants were categorized as frail (3-5 components), prefrail (1 or 2 components), or nonfrail (no components). The individual frailty components of gait speed ( 1 m/s vs. >1 m/s) and grip strength (cut-offs for weak grip strength based on sex and BMI) were also examined as exposures [14] .
Confounders
Potential confounders of the association between frailty and falls were identified based on previous literature [16] [17] [18] . We evaluated these variables using a directed acyclic graph (DAG) [19] to identify a minimally sufficient list of variables to include in the multivariable models. Each potential confounder was added one at a time to the univariable model, and any variable that changed the coefficient (log odds) for any category of the effect of the frailty measure (3- [20] ; any history of didanosine, stavudine, or zalcitabine use; physical activity (!3 or more days in past 7 of moderate/vigorous activity vs. <3 days); history of AIDS-defining conditions (any/ none); and neurocognitive function (continuous; impaired). Neurocognitive function is assessed with the A5001 Neuroscreen [21] , which uses normalized, age, sex, and race/ethnicity-adjusted z-scores of the Trail-Making A, Trail-Making B, and Digit Symbol tests. One overall continuous score is obtained from the average of the three z-scores. Impairment is defined as having at least one zscore two standard deviations (SDs) below the mean or at least two z-scores one SD below the mean on two separate tests.
Effect modifiers
A subset of the above variables (sex, age, comorbidities, peripheral neuropathy, neurocognitive impairment) was examined to explore whether the association between the frailty measures and any falls differed between categories of any of these variables.
Statistical analyses
For descriptive analyses and to examine the association between frailty measures and falls, participants were categorized into one of three fall categories: no falls reported over 12 months, single fall, and recurrent falls (!2). In the effect modification analyses, the outcome was defined as any falls (!1) versus no falls to avoid the problem of sparse data.
The number and proportion of individuals with falls over the 12-month period after baseline was calculated, overall and by frailty status, and also the proportion of participants who sought medical attention for a fall and the proportion of participants who experienced a fracture as a result of a fall. Participant characteristics by fall group were compared using chi-square tests for categorical variables and Kruskal-Wallis tests for continuous variables.
Associations between the three frailty measures and single and recurrent falls over the 12-month period were assessed using separate multinomial logistic regression models. Multinomial logistic regression was used rather than ordinal logistic regression because the score test statistics were significant for all three ordinal logistic regression models (frailty and falls: x 2 ¼ 18.26, P < 0.0001; gait speed and falls: x 2 ¼ 28.40, P < 0.0001; and grip strength and falls: x 2 ¼ 9.85, P ¼ 0.0017), indicating that the proportional odds assumption of ordinal logistic regression is not met.
To examine potential effect modification by sex, age, comorbidities, neuropathy, and neurocognitive function on the association between frailty and falls, we first reviewed cross-tabulations of frailty and falls stratified by categories of each potential effect modifier. When there was qualitative evidence of effect modification based on the stratified tables, models with an interaction term between the potential effect modifier and the frailty variable (three-category frailty, gait speed, or grip strength) were evaluated [22] .
Using sensitivity analyses, we explored the reasonableness of our assumption that individuals with missing falls information at either the 6 or 12-month visit had no falls. In these sensitivity analyses, we repeated model-building for the association between frailty and falls, and for effect modification on frailty and falls, restricted to individuals with falls information at both visits. All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, USA).
Results
Nine hundred and sixty-seven of the 1035 A5322 participants (93%) had a frailty assessment at baseline and a falls interview at either the 6-month or 12-month visit, and were therefore included in these analyses. Eightyfour percent of individuals completed falls interviews at both visits -9.1% at the 6-month visit only and 6.5% at 12 months only.
Of the 967 individuals, 174 (18%) had at least one fall over the 12-month period, with 106 (11%) reporting one fall and 68 (7%) recurrent falls. Fifty-nine percent of the recurrent fallers fell three or more times. Twenty-one percent of participants who reported any fall sought medical attention for a fall, and 5% sustained a fracture as a result of the fall. Selected demographic, clinical, and behavioral characteristics, stratified by number of falls (0, 1, and 2þ), are summarized in Table 1 .
Overall, 59 participants (6%) were classified as frail, and 373 (39%) as prefrail. Figure 1 shows the proportion of individuals with falls by frailty status. Twelve percent of nonfrail, 22% of prefrail, and 49% of frail individuals had one or more falls.
Association between frailty and falls As shown in Fig. 2, compared to Three hundred and seventy-three participants (38.6%) had peripheral neuropathy. Fifty-five (14.7%) had moderate to severe loss of vibration bilaterally and 278 (74.5%) had absent or hypoactive reflexes bilaterally (35 had both moderate/severe vibration loss and absent/hypoactive reflexes bilaterally). Most of the others had mild loss of vibration bilaterally with normal reflexes. Among individuals with peripheral neuropathy, frail participants were significantly more likely to experience falls (aOR 17.7, 95% CI 6.89, 45.5) than nonfrail individuals, whereas among those without peripheral neuropathy, the association between frailty and falls was weaker and not significant (aOR 2.16, 95% CI 0.76, 6.11; P value for interaction term ¼ 0.003) (Fig. 3) . The effect modification of peripheral neuropathy was observed only for frailty and not for prefrailty, grip strength, or gait speed. There was some qualitative evidence of effect modification by sex on the association between frailty and falls, but this interaction was not statistically significant (frail vs. nonfrail: aOR for males 7.82, 95% CI 3.69, 16.6; aOR for females 3.66, 95% CI 0.95, 14.1; P value for interaction ¼ 0.21). There was no evidence of effect modification by age, comorbidities, or neurocognitive impairment on the associations between any of the frailty measures and falls.
In the sensitivity analyses restricted to persons with falls information at both the 6 and 12-month visits, our results were essentially the same, with the following exceptions: the OR for frailty and single falls was larger than in the primary analysis and statistically significant (aOR 3.03, 95% CI 1.09, 8.39), and the OR for grip strength and single falls, although similar to that in the primary analysis, did not reach statistical significance (aOR 1.45, 95% CI 0.81, 2.62).
Discussion
We identified a strong association between frailty and recurrent falls in this cohort of older HIV-infected men and women. Frail individuals had substantially higher odds of falling two or more times over the subsequent 12-month period. Also, ours is the first study to report upon an association between prefrailty and falls in HIV-infected adults, although several previous studies of HIVuninfected individuals have identified this association [4, 5, 23] . In particular, the two objectively measured components of frailty -weak grip strength and slow 4-m walk -were associated with significantly higher odds of recurrent falls.
The association between frailty and fall occurrence was substantially stronger for recurrent than for single falls. Recurrent fallers and persons who fall less frequently likely comprise very different groups in terms of overall health status. Occasional fallers may be more physically active and their falls more likely due to accidents, whereas recurrent fallers are more likely to have impaired balance and strength, reduced reaction time, and diminished functional reserve capacity [18, 24] . The majority of recurrent fallers (59%) in our study reported falling three or more times over the 12-month follow-up period, indicating a relatively high frequency of falls.
The magnitude of the overall association we identified between frailty and falls is substantially greater than previously observed in studies of older HIV-uninfected individuals. In a review and meta-analysis of prospective studies that assessed risk of future falls among communitydwelling individuals 60 years of age and older, the ORs for frailty and recurrent falls ranged from 1.38 to 3.56, and for prefrailty and falls from 0.90 to 1.62 [4] . Our findings are more consistent with those observed in a previous study of HIV-infected individuals [9] . In this study and in ours, the effect sizes were substantially larger, despite the fact that the individuals being evaluated were on average almost 10 years younger. The reason for this difference in effect size is likely multifactorial. One explanation could be that a large proportion of our study population -over 80% -was male. We found that the association between frailty and falls was more pronounced among men than women, although this difference was not statistically There was no use of zalcitabine.
significant. The aforementioned meta-analysis of HIVuninfected older individuals attributed the high heterogeneity of effect sizes between frailty status and falls largely to differences in the proportion of men in these studies, and it was also noted that the association between frailty and falls seemed stronger among men than women [4] .
Another potential explanation for the strong association we observed between frailty and falls is that HIVinfected individuals in our cohort have multiple comorbid conditions that may affect their risk of falls through different mechanisms (such as weakness, impaired balance, neuropathy, and polypharmacy). In particular, over a third of our cohort reported peripheral neuropathy. In the previously published analysis of frailty and falls among HIV-infected individuals, a similar proportion (38%) had peripheral neuropathy [9] . Indeed, we found strong evidence for effect modification by peripheral neuropathy on the association between frailty and falls; among individuals with peripheral neuropathy, the association was very strong, whereas among those without peripheral neuropathy, it was more modest and also more in line with effect sizes observed in HIV-uninfected populations. Peripheral neuropathy and frailty can affect fall risk through overlapping yet distinct mechanisms of action, such that their combined effect is larger than the sum of their individual effects. Peripheral neuropathy, manifested in part through sensory loss, has deleterious effects on gait, balance, and postural stability [25] . Frail individuals, who are defined by their limited reserves, lower limb weakness, and diminished ability to respond to stressors, are likely unable to recover quickly after losing their balance. Future studies comparing HIVinfected and HIV-uninfected individuals are needed to confirm the stronger association among HIV-infected individuals between frailty and falls, and to examine reasons for this effect modification.
The protective association of slow walk speed on the incidence of single falls was unexpected. However, in a population-based cohort study of community-dwelling older individuals, those who were classified as normal to slow walkers had a lower overall risk of falling than did individuals classified as fast walkers [26] , and may suggest that the former category of individuals have already employed compensatory mechanisms to minimize fall risk.
Among our study's strengths is its large sample size, which allowed us to examine both prefrailty and frailty, individual components of frailty, and effect modification while adjusting for important confounding variables.
Ours is the first prospective study to evaluate frailty and falls among HIV-infected individuals. There was a relatively short recall period required for falls, which may have reduced the likelihood of underestimating falls [2] . There are also several limitations to mention. This A5322 cohort of middle-aged and older men and women currently has a relatively small number of frail individuals, and also recurrent fallers, resulting in some imprecise effect estimates. The small number of frail persons studied precluded examination of effect modification on frailty and recurrent falls. We assumed those with missing falls information at a visit experienced no falls, which could have underestimated the incidence of falls in the cohort. Additionally, this cohort is comprised of a group of participants who have a history of long-term voluntary participation in both clinical trials and observational studies, and the results of this study may therefore not be generalizable to all HIV-infected older adults in the United States.
Conclusion
Aging HIV-infected prefrail and frail individuals are at significantly increased risk of falls compared to nonfrail HIV-infected individuals, and this association appears to be stronger than previously observed in HIVuninfected individuals. Incorporation of frailty assessments or simple evaluations of 4-m walk speed or grip strength in routine clinical care may help identify individuals at greatest risk for falls and, hence, those who would benefit most from falls prevention interventions. Peripheral neuropathy further increases fall risk among frail persons, and this may define a potential target population for closer fall surveillance, prevention, and treatment.
